The history of animal evolution, and the relative placement of extant animal phyla in this history 5 is, in principle, testable from phylogenies derived from molecular sequence data. Though datasets 6 have increased in size and quality in the past years, the contribution of individual genes (and 7 ultimately amino acid sites) to the final phylogeny is unequal across genes. Here we demonstrate 8 that by removing a small fraction of sites that strongly favor one topology, it is possible produce 9 a highly-supported tree of an alternate topology. We explore this approach using a dataset for 10 animal phylogeny, and create a highly-supported tree with a monophyletic group of sponges and 11 ctenophores, a topology not usually recovered. As nearly all gene sets are neither standardized nor 12 representative of the entire genome, we conclude that there are only two possible ways to remedy 13 this problem. One solution would need to use a fixed set of genes, which though not representative, 14 is at least standardized. The other would be to construct phylogenies using all genes, thus limiting 15 analysis to species with sequenced genomes. 16 the surprising finding that ctenophores (comb jellies) emerged as the sister-group to the rest of 21 metazoans (hereafter called Ctenophora-sister), contrary to the classically-held view that sponges 22 were sister-group to all other animals (the hypothesis called Porifera-sister). A number of papers 23 followed arguing both for and against each of these topologies (Philippe et al. 2009, Ryan et al. 24 2013, Whelan et al. 2015, Pisani et al. 2015, Simion et al. 2017, Whelan et al. 2017). Thus, despite 25 over a decade of work, the deep branches of the animal tree remain unresolved. 26 The choice of genes used in phylogenetic reconstruction may have a substantial effect on the final 27 tree. Shen et al. (2017) have shown that for most controversial nodes, some genes have very strong 28 phylogenetic signals while other genes contain essentially none. While Shen et al. (2017) made 29 some suggestions about how to resolve recalcitrant nodes, their method highlighted a potential risk 30
Introduction 17
It has been over a decade since Rokas et al. (2005) noted substantial challenges in reconciling 18 molecular phylogeny of metazoans, particularly with respect to deep nodes. In an early attempt 19 to apply molecular sequence data to bilaterian evolutionary relationships, Dunn et al. (2008) had 20 of the absolute value of the three differences. Such approach would overestimate the strength of 47 sites where one topology was substantially weaker (i.e. less likely) than the other two. Thus, we 48 defined the strength of a site as the values of the maximum likelihood topology minus the score of 49 the second best topology. Here "strong sites" are defined as sites where the absolute difference in 50 log likelihood is greater or equal to 0.5, the same threshold used by Shen et al. The vast majority 51 of sites have differences in likelihood values that are close to zero (appx. 98% of sites), thus a dlnL 52 score of 0.5 represents roughly 3 standard deviations above the mean. To generate our experimental dataset (called the "weak" dataset), we started with the site-55 wise likelihood scores from Shen et al. (2017) for dataset D16 of Whelan et al. (2015) , which were 56 reformatted to a tabular file using a Python script sitewise ll to columns.py. This was then 57 used as the input for another script sitewise get strong sites 2tree.py that calculated strong 58 sites based on the first two trees, Ctenophora-sister and Porifera-sister, and removed sites with 59 dlnL greater or equal to 0.5 that favored either of the two topologies, but not those supporting 60 the third topology, the monophyly of sponges and ctenophores. This procedure removed 414 sites 61 out of the total 23676 sites, only 1.7% (for comparison, human and zebrafish are 14% different 62 in this dataset.) These scripts can be found at the Github repository https://github.com/wrf/ 63 pdbcolor/tree/master/sitewise_scripts. Figure 1 : Schematic of analysis: (A) Three fixed trees differ by the position of groups A and B, relative to group C and outgroup O. (B) Sites in the alignment either show 1 or 2 substitutions, depending on which tree is used. The substitutions do not have direction in time-reversible models, so the transition applies in either direction across the dotted lines. In this hypothetical example, the dln(L) between the maximum (-1) and median (-2) would be 1, indicating a strong site favoring T1. In this case, while T1 has the maximum likelihood, it is also the most parsimonious. (C) Concretely, in our study, T1 was the Ctenophora-sister hypothesis, T2 was the Porifera-sister hypothesis, and T3 was the paranimalia hypothesis. 'Ct' and 'Po' indicate ctenophores and sponges, respectively, while 'O' indicates non-metazoan outgroups (other opisthokonts) and 'R' indicates the rest of animals.
Comparison across datasets 73
We compared the extent of alignment trimming and sitewise coverage across several phylogenetic 74 datasets from previously published studies (see Table 1 ). For calculation of the trimmed fraction for Paranimalia is recovered regardless of model 89 By removing the "strong" sites from the supermatrix alignment, we then generated two phylogenetic 90 trees using two programs, RAxML (using the model PROTGAMMALGF) and phylobayes (under the 91 model CAT-GTR) to assess the impact on the final tree.
92
As expected, both trees strongly supported monophyly of ctenophores and sponges, (boot- 2015)). This position of Ambulacraria was also found by Simion et al. (2017) While such trimming strategies make sense for highly repetitive regions that cannot be aligned, one topology to discern which sites favor each tree. While this work did not resolve many of the con-141 troversial phylogenies, including that of animals, it did emphasize the importance of gene selection.
142
Such a method is highly sensitive to taxon sampling, and likelihood scores can be calculated even of newer versions of software make it practically infeasible to compare between datasets and results.
178
In practice, this might require downloading or re-assembling the source data, finding orthologous 179 genes across all species, filtering paralogs or incomplete transcripts, aligning, trimming, and finally 180 generating the tree.
182
There is the additional semantic problem of how the results are described. There are al-183 most an infinite number of possible hypotheses of metazoan phylogeny; most of these are unlikely, 184 thus we may concern ourselves with a limited set of competing hypotheses of animal phylogeny,
185
Ctenophora-sister and Porifera-sister. It is common to say there is "robust" support for a hypothe- Our results indicate that removal of a small fraction of sites (under 2%) can dramatically change 199 the tree, and ultimately the hypotheses of animal evolution, yet many studies trim at least 40% 200 of sites from the reference proteins ( Figure 5) . Thus, the resolution of the deep nodes of the tree,
201
regardless of method or model, is extremely poor, and the statistical strategies to validate the 202 approach (bootstrapping or posterior probability) do not reflect the true uncertainty of the data.
203
Given the tenuous support for any of the topologies of animal phylogeny, it seems reasonable to 204 say that we simply lack the information to resolve this, and should, at this time, defer on the null 205 hypothesis that this node is still unresolved.
207
What would make an unbiased set?
208
There are only two possibilities to have an unbiased set, whether deliberately or algorithmically.
209
One would be a finite set of select genes that most or all species have and everyone agrees to 210 use, such as mitochondrial proteins or ribosomal proteins. These may not be representative of the 211 entire genome (potentially a bias in itself) but could at least be standardized. The other option 212 would be to include all proteins, including those with multiple copies. Because of the difficulty in 213 resolving species trees from multi-copy gene trees, algorithmic improvements may also be necessary.
214
This may require that all species used in phylogenetic reconstructions have sequenced genomes to 215 ensure that all genes are sampled, as bona fide gene losses cannot be identified with transcriptomes.
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